Absorption rates of four diastereoisomers of dimethionine from rat small intestine were measured as the first step of an attempt to find methionine derivatives which are absorbed much more slowly than L-methionine from rat small intestine. The absorption rates of l,d-and d,ldimethionine were nearly the same and roughly one half of that of the L,L-diastereoisomer. having the greatest rates of absorption.5) We assumed, therefore, that if the difference in effects of free-L-methionine and oligo-L-methionine added to a low casein diet is due to their different absorption rates from the intestine.
A low casein diet (8~10%) supplemented with free methionine causes a typical amino acid imbalance phenomenon for rats.1) Repression of food intake, retardation of growth, development of fatty liver, and hypertrophy of the spleen are observed in proportion with the amount of added methionine.1>2) Growth was retarded in rats fed 8%casein supplemented with 3% L-methionine, but those fed 8% casein supplemented with 0.2% L-methionine grew smoothly. Fatty liver, however, developed in the latter. 3) When rats were fed 8% casein supplemented with 0.2% oligo-L-methionine, which was prepared by papain-catalyzed polymerization of L-methionine ethyl ester4) and was a mixture of heptamerand octamer as judged by FABMSspectrum, in place of free L-methionine, their growth could not be distinguished from those fed 8%casein diet supplemented with 0.2% free L-methionine, but fatty liver was not observed.3) Oligo-L-methionine is sparingly soluble in H2Oand is hydrolyzed very slowly by pancreatic juice and everted gut rings of rats in vitro (unpublished data). It seems reasonable to consider that lmethionine is very slowly liberated from oligo-L-methionine in the digestive tract and is absorbed along the length of the intestine, while free-L-methionine is one of the amino acids having the greatest rates of absorption.5) We assumed, therefore, that if the difference in effects of free-L-methionine and oligo-L-methionine added to a low casein diet is due to their different absorption rates from the intestine.
Methionine derivatives which are slowly hydrolyzed and/or absorbed from small intestine should also improve the growth of rats without accumulation of liver fat when they are added to a low casein diet as oligo-L-methionine did. This paper deals with the absorption rates of four diastereoisomers of dimethionine from rat small intestine as the first step of our attempt to find methionine derivatives which are absorbed muchmore slowly than L-methionine from the small intestine and to examine this assumption. D-Methionine containing peptides were surveyed because D-methionine is absorbed more slowly than the L-isomer6) and D-methionine has similar effects to the lisomer for the growth of rats. was removed with 2n HC1 in dioxane-H2O (9: 1) for 5hr
at room temp instead of tetrahydrofuran-H2O (9 : 1).9)
The isopropylester group was hydrolyzed with 1 n NaOH for 15 min at room temp. The desired product was purified by Dowex 50 (H+) column and cellulose CCtreatment. Four diastereoisomers were clearly distinguished from each other by CD spectra. CD (all in c=0.01, H2O) As
A small amount of trimethionine was always formed as a by-product, which was separated from dimethionine by cellulose CCand preparative PC. The formation of trimer was attributed to the second reaction of TV-Ppt-methionine with Ppt à"Cl to give the 7V-Ppt-methionine diphenylphos- for four days. They weighed 144~166g at the beginning of the experiment. They were starved, with free access to tap water, for 21~22hr
before the experiments and anesthetized with Nembutal (5mg/100g body wt.). The abdomenwas opened and three loops of nearly the same length were tied off along the length of the small intestine starting from just below the duodenum to near the ileocaecal junction. Six rats were used for the experiment with each diastereoisomer. Five mMsolution of each diastereoisomer of dimethionine in 0.9% NaCl (0.5 ml) were introduced into each loop using a tuberculin syringe and needle, and the abdomen was closed with clips. After 5 min (lOmin for D,D-dimethionine), the small intestine was removed and the lengths of the whole intestine and of each loop were measured. Loops were opened and cut free. After the content of each loop was drained, the loop was washed out three times with 0.9% NaCl (2 x 2 x 1 ml) and finally pushed out with air (2ml). Content and washings were combined, heated at 100°C for 15min, cooled, and centrifuged. A sample of the supernatant was analyzed for methionine and dimethionine using an amino acid analyzer. Control experiments were done with 0.9% NaCl instead of 5him dimethionine in 0.9% NaCl to find the amount of endogenous methionine. Since a significant amount of free methionine existed in the distal loop whenabsorption of L,D-dimethionine was examined (Table I) , two of six distal loop contents were treated with both l-and D-amino acid oxidases at 37°C for 30min in 50mMTris HCl buffer (pH 8.0) (L-amino acid oxidase: from Crotalus atrox venom, Type VI, D-amino acid oxidase: from porcine kidney, Sigma). The reaction mixture was analyzed for the amount of methionine unreacted in an amino acid analyzer.
The absorption of y-L-glutamyl-L-methionine, which was isolated from Vigna mungoseeds,12) was also examined by the same procedure, because y-glutamyl linkages reduce or abolish the affinity for peptide transport and also retard hydrolysis by the small intestine.13) This was not statistically analyzed because only four rats were used.
Expression of results. Absorption was measured by the amount of dimethionine (nmol/cm/5 min) and expressed as the difference between the peptide disappearing (nmol/ cm/5 min) from the lumen and free methionine appearing (1/2 x nmol/cm/5 min) in the lumen. The amount ofmethionine was calculated as the difference between methionine formed after the absorption period and the endogenous methionine measured in the control experiment for each loop. The peptide disappearing was the difference between the initial and final peptide content of each loop. The significance of difference between four diastereoisomers in each intestinal part was assessed by Duncan's multiple range test. Differences were regarded as significant when p was less than 0.05. Table I shows the absorption of four diastereoisomers of dimethionine at three different intestinal sites of rats. L,L-Dimethionine disappeared completely in all loops after 5 min of absorption, but a significant amount of free methionine formed by hydrolysis of the dimer remained in each loop. Although both l,l-and L,D-dimethionine disappeared completely in the distal part after a 5-min absorption period, the disappearance rate of L,L-isomer was significantly faster than that of the L,D-dimer (Table I) Table I ). There was a significant difference for absorption of l,dand D,L-dimethionine only in the distal part (Table I) Since this experiment was done to find methionine derivatives which are slowly hydrolyzed and/or absorbed from the intestine, d,ddimethionine appears to meet our purpose. Values are mean ± SEMof 6 rats. Means in the same column for the same intestinal part without a superscript letter in commonare significantly different (p <0.05).
RESULTS AND DISCUSSION
* Dipeptide disappeared completely. ** Twoof these six samples were treated with l-and D-amino acid oxidase. D-Methionine remained after L-amino acid oxidase treatment was 81.0% of free methionine existing before enzymic reaction for sample 1 and 83.2% for sample 2. L-Methionine resisting D-amino acid oxidase was 24.0% for sample 1 and 17.7% for sample 2. See text for reaction conditions. Table II . Absorption of 7-l-Glutamyl-l-methionine along the Length of Rat Small Intestine
Values are average of 4 rats (* average value of 3 rats because of accidental loss of one sample).
Preparation of a large amount of D,D-dimethionine is in progress to examine whether rats fed a low casein diet supplemented with this dimer shows the amino acid imbalance symptoms. The absorption rate of y-L-glutamyl-Lmethionine was nearly the same as those of l,d-and D,L-dimethionine (Table II) as the difference between peptide disappearing and free methionine appearing is maximalin the proximal part, because the luminal ap-pearance of free methionine increased considerably toward the distal site.14) In our experiment, luminal appearance of free methionine in the distal site of intestine can account for only about 30% of the total peptide disappearance from the lumen (Table I) . There have been conflicting reports concerning the absorption of methionine-containing peptides from rat small intesine. Gray and Cooper stated that hydrolysis of methioninecontaining peptides occurs very rapidly at the brush border surface and absorption is mainly, if not entirely, in the form of the amino acid,19) but Matthews claimed that when dimethionine is absorbed between one-half and two-thirds of the dipeptide is taken up intact in the proximal small intestine and less than one-half in the distal small intestine.20) No conclusion can be drawn, however, on this problem from the results obtained in this experiment.
